




Uelec

E =
e

4πε0r2

r

r

Uelec =
∫ ε0

2
E2d3r =

1

2

e2

4πε0a

v

v ! c

p =
∫

ε0E×Bd3r B =
v

c2
× E



g = ε0E×B

p =
2

3

e2

4πε0a

v

c2

melec =
2

3

e2

4πε0c2a

2/3



me =
2

3

e2

4πε0c2a
−→ a =

2

3

e2

4πε0mec2

a =
2

3
r0 r0 ≈ 2.82× 10−15m

p Uelec

E = e
4πε0r2

r
r

g

p =
2

3

e2

4πε0ac2

v
√

1− v2

c2

Uelec = 1
2

e2

4πε0a

mUc2

mU =
1

2

e2

4πε0ac2

melec =
2

3

e2

4πε0ac2

mU = 4
3melec

4/3

10−18m



Uelec =
ε0

2

∫
(E2 + c2B2)d3r

Uelec =
1

2

e2

4πε0a

1
√

1− v2

c2

(1 +
1

3

v2

c2
)





1
r

a
c2

Frr

Frr = −1

3

e2

4πε0ca2
(v(t)− v(t− 2a

c
))

a 2a
c



Frr = −2

3

e2

4πε0c2a
v̇(t) +

2

3

e2

4πε0c3
v̈(t) + . . .

2a
c a ≈ r0

10−23s v̇

(m0 + melec)v̇ =
2

3

e2

4πε0c3
v̈ + Fext

m0 + melec m
τ = 2

3
e2

4πε0c3m

m(v̇ − τ v̈) = Fext

a(t) = a(0)e
t
τ

a(0) 0

a(0) =
1

mτ

∫ ∞

0
dt′Fext(t

′)e−
t′
τ

t

a(t) =
1

mτ

∫ ∞

0
dt′Fext(t + t′)e−

t′
τ

t
t + t′

τ ≈ 6× 10−24s

a(t) ≈ 1
mFext(t)

τ ≈ 6× 10−24s
1
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